Introduction
With the deepening of coal mining depth, the environment of coal is more complex. Temperature, confining pressure and gas pressure have great influence on the mechanical properties of coal [1] [2] [3] . Therefore, studying the Mechanical properties of deep coal is the basis for exploring the deformation and failure rules of deep coal.
Numerous studies have shown that confining pressure has an effect on the mechanical properties of rocks, such as compression strength and elastic modulus are increased with the confining pressure increases [4, 5] . Gas inside the coal can be divided into two kinds. One is adsorption of gas, and the other is free gas [6] . It is considered that the adsorption of gas reduces the strength of coal, while the free gas has an enhanced effect on the strength of coal [7] . Lam dos Santos [8] pointed out that the strength and the Young's modulus of granite were negatively correlated with temperature. Ma [9] proposed that structural thermal stress caused damage to coal specimens. However, some studies show that temperature has an enhanced effect on rock strength [10, 11] . Xu [12] states that the temperature causes the water in the rock to evaporate, increasing the friction between the particles inside the rock. Therefore, the compression strength of rock increases. Rock deformation and destruction process are often accompanied by the evolution of energy [13, 14] . Through the uniaxial loading and unloading tests of rock specimens under different loading rates and different loading levels, obtained the variation law of releasable strain energy and dissipated energy [15] .
However, the study on the variation law of mechanical properties of coal under the different temperature, gas pressure, and confining pressure is not enough. There are few researches on the energy evolution in coal deformation under multiple factors. In this paper, orthogonal experiment method is used to design coal tests with different temperature, confining pressure and gas pressure. The influence of temperature, confining pressure and gas on the peak stress, modulus of elasticity, poisson's ratio of coal are analyzed. The energy evolution in coal deformation process is analyzed.
Experimental preparatio
As previously mentioned, the aim of this study is to investigate the influence of gas pressure, G, temperature, T, confining pressure, C, on the mechanical properties of coal. Therefore, a multiple factors and multiple levels test need to be carried out. However, to complete a multi-factor and multi-level of full test requires a lot of time and specimens. In fact, it is difficult to meet such conditions in experiments. It is necessary to find efficiency test method. Orthogonal test is an effective way to solve multi-factor test problems [16] . 
The orthogonal table of this experiment is shown in tab. 1. Three specimens are tested in each group. The group number denotes the test condition of the group, for example, M-80-3-4 represents that this group of specimen will be tested at the condition of 80 °C, 3 MPa confining pressure, and 4 MPa confining pressure. Experimental results of orthogonal experiment using statistical analysis. For example, the Analysis of Variance (ANOVA) was used in this article. The mathematical model:
where η i are (i = 1, 2, 3...n, n is the number of observation) independent random variables. The T i , G i , C i (i = 1, 2, 3) are effects of different temperature, gas pressure, and confining pressure values. Define S total as the total sum of square of deviations. The S total is decomposed into four terms S E , S T , S G , and S C . Here, S E is the variance due to error while S T , S G , and S C are the variance due to temperature, gas pressure, and confining pressure, respectively. We can obtain the equation:
where h is the number of levels of each factor, R and r are the number of factors and levels, respectively, M Ti2 -the sum of observed quantity at i2 level of factor T (temperature), M Ci2 -the sum of observed quantity at i2 level of factor C (confining pressure), M Gi2 -the sum of observed quantity at i2 level of factor G (gas pressure). The coal samples are collected from Shoushan mine in Xuchang, Henan Province, China as shown in fig. 1 . The composition of coal samples are analyzed by X-ray diffraction (XRD). As shown in fig. 2 , the main components of coal samples are calcite, kaolinite and quartz. 
The height and diameter of the test specimens are 100 mm and 50 mm. The test is carried on by using the TAW-2000 servo-control rock triaxial testing facility and pulse gas facility as shown in fig. 3 . The experimental process is: to install the sensor and fix the specimen in the pressure chamber, to zero the readings of axial and radial sensors, to apply the confining pressure (for triaxial test), to heat up the triaxial cell (for tests at 40 °C and 80 °C), to apply the confining pressure (for triaxial test), to apply gas pressure, and to apply the axial load at an axial strain rate of about 3.3 × 10 -6 /s until the specimen broken. 
Summary of experimental results
It can be seen from fig. 4 that the stressstrain curve includes the compaction phase, the elastic phase, the elastic-plastic phase, the yield failure phase. Compaction stage is not obvious at high confining pressure. It may be because of the high confining pressure have a certain degree of compaction samples. The deformation characteristics of the samples have obvious differences under different experimental conditions. It can be seen from tab. 2 that the young's modulus, E, the peak stress, σ, and poisson's ratio, μ, of specimens have obvious difference under different test conditions. As previously, it has a great influence on the mechanical properties of specimens under different experimental conditions. 
Statistical analysis of test results
As previously mentioned, the test conditions are important factors that affect the deformation and mechanical characteristics of coal. Therefore, in order to further study, the influence of temperature, confining pressure, gas pressure on the mechanical properties and defor- Tables 3 is the results of ANOVA of peak stress, elastic modulus and poisson's ratio under the influence of temperature, confining pressure, and gas pressure.
It can be seen from tab. 3 that the E is most affected by the gas pressure, followed by confining pressure and the temperature is the least. The influence of each factor on the E shows extremely significant, and the significance level is above 95%. The confining pressure and gas pressure have significant influence on the peak stress. The significance level is above 99%, and the effect of temperature on the σ ρ is not obvious. The effect of all factors on the poisson's ratio, μ, is not obvious. 
Energy evolution in progressive destruction of coal
From the energy point of view, the destruction process of coal is the energy absorption, storage, dissipation, and release process. Assuming that the coal destruction process takes place in a closed thermodynamic system without heat exchange with the outside world. In the process of coal deformation, the energy conversion is in a variety of form. The main concern is the evolution of elastic energy and dissipation energy. Therefore, the energy during the deformation of coal can be simplified into input energy, elastic energy and dissipation energy [14] ,
, where U is the input energy, U e -the elastic energy, and U d -the dissipation energy. The input energy can be given: 
According to the generalized Hooke's law, the elastic energy can be expressed:
Regularity of the energy storage and dissipation during specimens' deformation
It can be seen from the eq. (7) that in the process of deformation of samples, the axial deformation and radial deformation of the samples will occur with the increase of axial pressure. It can be seen from fig. 6 that the input energy density, elastic energy density and dissipated energy density increase with the increase of deviator stress. The article will discuss the energy evolution in the stage of compaction, elastic, and damage. In the compaction stage, the input energy density increases fastest, and the dissipation energy density is greater than the elastic energy density. This may be because the early deformation of the samples is mainly caused by the original crack closure inside the samples, which is irreversible deformation. In the elastic stage, the deformation is mainly elastic deformation. Input energy is mostly stored in the form of elastic energy. Input energy density and dissipation energy density changes linearly with deviator stress. Dissipation energy increases slowly. In the damage stage, the original cracks in the samples began to expand, and the new cracks began to sprout. The energy dissipated to cause damage to the specimen also increases. From the dissipated energy density-stress curve, it can be seen that the rate of increase of dissipation energy density increases rapidly at the damage stage.
Conclusions
The ANOVA of the peak stress, elastic modulus and poisson's ratio shows that confining pressure, temperatures, and gas pressure have significant influence on the elastic modulus. Confining pressure and gas pressure have significant influence on the peak stress. The gas pressure has the most influence on the elastic modulus E, the temperature has the least influence on the elastic modulus E. The confining pressure has the centered influence on the elastic modulus E. The energy formula of coal under triaxial compression is deduced. Input energy and elastic energy increase with the increase of deviator stress. And the evolution of dissipation energy is closely related to the expansion of internal cracks in coal.
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